Mechanism of the absorption of drugs from oil in water emulsions was studied in the rat large intestine. Synthesized esters of fatty acids and phthalic acid-0.1% Polysorbate 80 was chosen as the emulsion system, the oil/water volume ratio was varied from 0 to 1, and the absorption from emulsions of sulfapyridine, salicylamide, and of acetanilide was investigated using in situ recirculation and loop techniques.
In the absorption of drugs having partition coefficients of larger than one, amount of drugs in aqueous phase rather than their concentrations was a critical factor for the absorption from oil in water emulsions.
In the absorption of poorly oil-soluble drugs, drug absorption from emulsions was larger than the one from aqueous solutions when the overall volume of emulsions was kept constant, which suggested the importance of absolute volume of aqueous phase in the absorption of drugs from such systems.
Usually drugs dissolved in oil were absorbed mainly via aqueous phase. Furthermore, it has been reported recently that the intestinal absorption of otherwise unabsorbable macromolecules such as insulin5) and heparin6) was enhanced by incorporating them into the form of emulsions. Due to the complexity of the system as well as the experimental difficulties, however, past work on the mechanism of absorption from this biopharmaceutically important system has been relatively sparse. The purpose of this paper was to make clear the mechanism and the factors affecting the intestinal absorption of drugs from oil in water emulsion system. In this study large intestine was chosen as absorptive lumen, since drug absorption from this part of the intestine was found to be generally less complex than the rest of the intestine7) and should allow closer and more meanigful study of the factors influencing it.
Experimental
Materials-Polysorbate 80 (Tokyo Kasei Kogyo Co., Ltd.). Isopropyl palmitate, ethyl laurate, and diethyl phthalate were purified by redistillation under reduced pressure.
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Riggi, J. Pharm. Sci., 58, 1372 Sci., 58, (1969 . 7) a) K. Kakemi, T. Arita and S. Muranishi, Cheni. Pharm. Bull.(Tokyo), 13, 861,(1965) ; b) K. Kakemi, T. Arita, R. Hori, R. Konishi, K. Nishimura, H. Matsui and T. Nishimura, ibid., 17, 255 (1969 , 119, 361 (1957) Drug Absorption from Emulsion System In an emulsion system, drugs partition between/ oil and aqueous phases and relation of drug concentration in aqueous phase and in overall emulsions in such a system has been given by Eq. (1). From Eq. (1), amount of drug in aqueous phase is written by Eq. (2), where. L and M represent the amount of drug in aqueous phase and the total amount of drug in. emulsions respectively. Eq. (2) Fig. 3 dominant factor which governed the degree of absorption, and that drugs were absorbed mainly via aqueous phase, not directly from oily phase.
Absorption of a drug having partition coefficient of more than unity was studied with salicylamide and the absorption patterns from IPP, EL, and DP emulsions are shown in Fig. 5,6 , and 7. As is seen from the figures, the larger the partition coefficient and oil: water volume ratios were, the smaller was the amount of drugs in aqueous phase, and the less drug was absorbed.
Since the loss of drug in aqueous phase is supplied from oil phase during absorption and the contribution of the direct route of absorption from oil phase is negligible, it seems natural that the absorption is generally much faster than the one estimated from the state of initial drug distribution. However, good correlation has been noted between the percentage of one-hour absorption and the amount of a drug in aqueous phase. This result supports the view that the amount of a drug in aqueous phase is a critical factor for the absorption from oil in water emulsions. Fig. 5,6 , and 7 also indicate the presence of two types of patterns in drug disappearance from emulsions, namely, the one which followed apparent first-order kinetics and the other did not. In the latter, initial ratios of M, to M were 0.6, 0.4, and 0.2 and in the former, the ratios were close to 0 or to 1.0.
On the basis of these observations, a mechanism of drug absorption from emulsions can be proposed. It seems that drugs dissolved in oil phase are absorbed mainly via aqueous phase and that the absorption proceeds with first-order kinetics when the initial amount of drug in aqueous phase is fairly large in comparison with the amount of total drugs in the system or when very little drug exists in aqueous phase In the absorption of a drug having the partition coefficient of less than unity, an interesting phenomenon was noted as shown in Fig. 8 where k is the intrinsic absorption rate constant independent of V, the volume of the per fusion solution. Perrin14) and Martin15) also pointed out that the volume of comparments had to be taken into account to analyze such drug transfer data. If total volume of emulsions is maintained constant at any oil concentrations, aqueous phase volume decreases with the increase of oil concentration. Accordingly, apparent absorption rate constant from aqueous phase will be increased as presumed from Eq. (3). To confirm such effect, aqueous phase volume of emulsions was maintained equal to that of the control experiment (absorption from aqueous solution) and the speed of re circulation through intestine was adjusted so as to make the frequency of contact with absorptive membrane equal to that in the control experiment. As shown in Fig. 9 (c) , absorption of sulfanilamide from IPP emulsions, in which K value was 0.034, did not change significantly over wide range of oil concentrations. Under these conditions, it is evident, therefore, that, as presumed above, apparent absorption rate constant from aqueous phase is more clearly demonstrated in the system having partition coefficient of less than unity. Fig. 9 (a) and (b) show the similar patterns in sulfapyridine absorption from IPP and EL emulsions respectively. Based on the intrinsic absorption rate constants obtained from the constant aqueous phase volume technique, the values of % absorbed were calculated by Eq. (3) and are shown in Fig. 9 (a), (b), and (c). These values agreed well with the observed ones when the overall emulsion volume was kept constant. These results again support the view that the absolute volume of aqueous phase is one of the critical factors in the absorption of poorly oil-soluble drugs from oil in water emulsions.
